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EXECUTIVE SUMMARY

Lindane (gammaisomer of hexachlorocyclohexane, -HCH) has been previously classified by the
Cancer Assessment Group of the Office of Research and Devel opment (CAG/ORD, 1985) asagroup
“B2/C” carcinogen based on an increased incidence of mouse liver tumors. 1n 1993, the RfD/Peer
Review Committee (1993) determined that the mouse carcinogenicity datawereinadequate because
of major deficiencies associated with the available studies. The Toxicology Endpoint Selection
(TES) Committee concluded that a new carcinogenicity study in mice was needed to make a
determination of the carcinogenic potentia of lindane ( TES, 1994).

On May 30, 2001, the Cancer Assessment Review Committee (CARC) of the Health Effects
Division (HED) of the Office of Pesticide Programs met to evaluate the carcinogenic potential of
lindane. At this meeting, the CARC could not make a determination of the carcinogenic potential
of lindane becausethe NTP gudieswerelimited in valueand it was uncertain if thestudy on Agouti,
Pseudoagouti and Black mice with limited datacould be used for regulatory purposes. In addition,
the CARC was informed that new histopathology data would be submitted. The Committee also
requested additional informaion including results of a 90-day subchronic range-finding study in
CD-1 mice, an earlier RfD Committee report and analyses of the older studies on lindane.

At the September 13, 2001 meeting, the Committee reevaluated all the available informatiorn/data
including the old and the newly gathered information that was previously not available for review.
[A list of CARC members who attended one or both meetings on lindane is presented on page #1.
Thesemeetingswereheld jointly by teleconferencewith Pesticide Management Regulatory Agency
(PMRA), Health Canada, Canada]. The chronic toxicity/carcinogenicity studies were conducted
using 5 different strans of mice and two drains of rats. The dietary doses administered in these
studies were as follows:

CD-1 mice (50/sex/dose): 0, 10, 40, or 160 ppm.for 78 weeks (0, 1.3, 5.2, and 21 mg/kg/day
for males and 0, 1.8, 7.1, and 26.8 mg/kg/day for females, respectively).

Female Agouti, Pseudoagouti and Black mice (36-96 animals per strain): 0 or 160 ppm. for
24 months

B6C3F1 mice (50 /sex/dose): 0, 80 or 160 ppm for 80 weeks

Wistar rats (50/sex/dose): 0, 1, 10, 100, or 400 ppm for 2 years ( 0, 005, 0.47, 4.81, and
19.66 mg/kg/day for males and 0, 0.06, 0.59, 6.00, and 24.34 mg/kg/day for females,

respectively).

Osborne-Mendel rats (50/sex/dose): For males: 320 or 640 ppm for 38 weeksand 160 or 320
ppm for the remaining 42 weeks. For females: 320 or 640 ppm for 2 weeksand 160 or 320
ppm for 49 weeks then for the remaining 29 weeks the dose was lowered to 80 or 160 ppm.
Matched controls consisted of 10/sex.
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The CARC concluded that lindane was car cinogenic only to female CD-1 mice based on the
following:

CD-1 female mice had significant increasing trends, and significant differencesin the pair-
wise comparisons of the 160 ppm (26.8 mg/kg/day) dose group with the controls, for lung
alveolar-bronchiolar adenomas and combined adenomas/carcinomas, all at p < 0.05. The
incidence of lung adenomas was slightly outside the historical control range. However, the
increased incidence of carcinomas was not dose-dependent and the tumor response was
variable. Lindane was not carcinogenic to male mice. The dosing at the highest level was
adequate and not excessive based on increased incidences of centrilobular hepatocel lular
hypertrophy and eosinophilic foci of cellular dteration in males and a slight increase in
bronchiolar-alveolar adenomas in females.

At 160 ppm, both the treated femal e Agouti and Pseudoagouti mice had anincreasein benign
lung adenomas; the treated Agouti mice also had an increased incidence of liver adenomas.
No statistical analyses of tumor datawere conducted. Therewasno inarease intheincidence
or decrease in latency period for liver tumors in Black and Pseudoagouti strains of mice.
There was evidence of increased liver weights and an increased incidence of Clara cell
hyperplasiain Agouti and Black strains of mice. However, the study wasconducted on few
animals, only a single dose and sex were tested, no statistical analyses of tumor data were
presented and the results of the study were not adequately reported. The Committee
concluded that although the liver effects appear to suggest that a dose of 160 ppm was
adequate, additional dose groups could have provided confirmatory information.

The CARC could not assess the carcinogenicity of lindane in B6C3F, male and female mice
because the data reporting was inadequae and there were no indications of toxicity in high
dosefemales. Moreover, the use of only 10 mice per sex for the control group compromised
the useful ness of the study.

TheCommittee concluded that theincreased incidence of lung tumorsin femalemiceof three
strainswas treatment-related because the datisticaly significant incresse in lung adenomas in
female CD-1 mice was corroborated with the increasein lung tumors in two genetically susceptible
strains of mice. Although there is some evidence of liver tumor induction in these genetically
susceptiblestrains of mice, no evidence of liver tumorswas noted in CD-1 mice. Nevertheless, the
evidence of hepatotoxicity (increased liver weight, hypertrophy andincreased incidence of liver foci
in both sexes) and promoting activity, indicates that the liver, in addition to lung is a major target
organ of toxicity.

The CARC determined that lindane was not carcinogenic to male and female Wistar ratsand
the resultsof the study in Osborne Mendel rats were difficult to interpret and were not useful
in determining the carcinogenic potential of lindane in that strain of rat.

The results of a battery of acceptable mutagenicity assays indicate tha lindane has a low
concernfor mutagenicity. Thesestudiessatisfy pre-1991 FIFRA guidelinerequirements. The

iv
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Committee recommended that the dominant lethal assay be repeated to determineif thereis
a genetic component to the reproductive (germ cell) effects reported for lindane.

The technical HCH and the apha-isomer are classified as category “B2" (probable human
carcinogen). Thebeta-isomer isclassified asagroup” C“(possible human carcinogen) while
the delta and epsilon isomers are classified as group “D” (not classifiable as to human
carcinogenicity) .

No mechanistic studies were submitted to support the mode of action for lung tumor
induction in mice.

In accordance with the EPA Draft Guidelines for Carcinogen Risk Assessment (July, 1999), the
CARC classfied lindane into the category “ Suggestive evidence of carcinogenicity, but not
sufficient to assesshuman car cinogenic potential” because lindane caused an increased incidence
of benignlung tumorsinfemalemiceonly. TheCommitteefurther recommended that quantification
of human cancer risk is not required.
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. INTRODUCTION

Lindane (gammaisomer of hexachlorocyclohexane, -HCH) was previoudly classified by the Cancer
Assessment Group of the ORD (1985) asagroup “B2/C” carcinogen based on anincreased incidence
of mouseliver tumors; the ca cul ated unit risk (Q1*) was 1.1 (mg/kg/day) *human equivalents. The
other isomersof hexachlorocyclohexaneareclassifiedin IRIS. Technical HCH and the al pha-isomer
are classified as “B2", probalde human carcinogens. The beta-isomer is classified as“C”, possible
human carcinogen. The delta and epsilon isomers are classified as D, not classifiable as to human
carcinogeni city.

In 1993, the RfD/Peer Review Committee determined that the mouse carcinogeni city data were
insufficient because of major deficiencies associated withall available studies. The TES committee
concluded that a new carcinogenicity study in mice was needed to make a determination of the
carcinogenic potential of lindane (TES, 1994).

On May 30, 2001, the HED Cancer Assessment Review Committee (CARC) of the Health Effects
Division (HED) of the Office of Pesticide Programs met to evaluate the carcinogenic potential of
lindane. At this meeting, the CARC could not make a determination of the carcinogenic potential
of lindane because the NTP studies were limited in value and the published study on Agouti,
Pseudoagouti and Black mice could not be used for regulatory purposes. The Committee, therefore
requested additional informationincluding resultsof a90-day subchronic range-finding study in CD-
1 mice, an earlier RfD Committee report and analyses of the older studies on lindane. At the
September 13, 2001 meeting, the Committee met to reeval uate the carcinogenic potential of lindane
based on the available old and new information/data. At this meeting, information/data were
presented by Dr. Suhair Shallal of Reregistration Branch 4. These data included a new mouse
carcinogenidty study in CD-1 mice submitted by the registrant, a published study in Agouti,
Pseudoagouti and Black mice, NCI studiesin B6C3F1 mice and Osborne-Mendel rats and a 2-year
chronic/carcinogenicity study in Wistar rats. Inaddition, carcinogenicityand genetic toxicology daa
on structurally-related compounds were presented.

1. BACKGROUND INFORMATION

Lindane (PC. Code is 009001 and CAS Number is 58-89-9) is a broad-spectrum organochlorine
compound used on awide range of sil-dwelling and plant-eating (phytophagous) insects.
Its chemical structureis provided below.

1
1 1

1 1
1

Figure 1. Chemical Structure of -HCH
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The technical HCH consistsof -isomer: 65-67%  -isomer:11-13%, -isomer:13-15% -isomer:
3-5%, -isomer:4-6% and other isomers: <1%. Lindaneisa -isomer (1 2 3

hexachlorocyclohexane). The other isomers are  -isomer (1 2 3
hexachlorocyclohexane); -isomer (1 2 3 hexachlorocyclohexane);  -isomer
1 2 3 hexachlorocyclohexane) and -isomer: (1 2 3

hexachl orocyclohexane).

Worldwide, lindaneis commonly used on awide varigy of crops, in warehouses, in public health
to control insect-borne diseases, and (with fungiades) as a seed treatment. Lindaneis also
presently used in lotions, creams, and shampoos for the control of lice and mites (scabies) in
humans; these pharmaceutical uses are regulated by FDA. In the U.S,, theonly registered
food/feed useis seed treatment for field and vegetable crops.

Lindane may befound in formulationswith ahost of fungicidesand insecticides. Labelsfor products
containing the chemical must bear the Signal Word WARNING. Some formulations of lindane are
classified as Restricted Use Pesticides (RUP), and as such may only be purchased and used by
certified pesticide applicators. Lindane is no longer manufactured in the U.S., and most
agricultural and dairy uses have been canceled because of concerns about its potential
car cinogenicity.

1. EVALUATION OF CARCINOGENICITY STUDIES

1. Combined Chronic Toxicity/Carcinogenicity Study with Lindanein CD-1 Mice

Reference: Lindane, carcinogenicity study by dietary administration to CD-1 mice for 78
weeks (2000), final report (vols. 1-4). Huntingdon Life Sciences Ltd., Woolley Road,
Alconbury, Huntingdon, Cambridgeshire, PE28 4HS, England, Report no. 00 3512,
Huntingdon Life Sciences Project identity no. CIL/021, MRID 45291402.

Experimental Design

Lindane (99.78% a.i., batch no. HLS 96/1) was administered to groups of 50 Crl: CD-1°
(ICR)BR mice/sex/dosein the diet at concentrations of 0, 10, 40, or 160 ppm. Thetest diets
were given for 78 weeks. The concentrations of 10, 40, or 160 ppm resulted in mean daily
compound intakesfor malesof 1.3, 5.2, and 21 mg/kg/day and for femalesof 1.8, 7.1, and 27

mg/kg/day, respectively.

Discussion of Tumor Data

Tumor Analyses

As shown in Table 1. there was no statistically significant increase in tumors in male mice
(Brunsman, 2001). The incidence of liver tumors was not statistically significant in either
maleor female CD-1 mice( Tabl e 1).
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Tablel. CD-1Mice- Maeand FemaleLiver Tumor Rates” and Exact Trend Test and Fisher's
Exact Test Results (p values)- (Brunsman 2001)
ppm 0 10 40 160 0 10 40 160
mg/kg/day 0 1.3 5.2 20.5 0 1.8 71 26.8
Males females
Tumor Type Liver Tumor
Adenoma 10°/48 10/46 9/43 13/46 0/47 0/45 0/47 17/48
% (21) (22) (21) (28) 0) 0) 0) 2
p= 0.1730 | 0.5570 0.5962 | 0.2752 | 0.2567 1.000 1.000 0.5053
Carcinoma 4/48 1/46 1/43 2°/46 No carcinomas were
% (8 2 2 4 observed in females
p= 0.4046 | 0.1943 | 0.2167 | 0.3592
Combined 13/48 11/46 10/43 15/46
% (27) (24) (23) (33)
p= 0.1817 | 0.4543 | 0.4304 | 0.3594

“Number of tumor bearing animalgNumber of animals examined, excluding those that died before week 53.
®First adenoma observed in males at week 67, dose O ppm First adenoma obsaved in females at week 80, dose 160 ppm
PFirst carcinoma observed in males at week 53, dose 10 ppm; no carcinomas were observed in females.

Note:

Significance of trend denoted at control.
Significance of pair-wise comparison with control denoted at dose level.

If*, thenp < 0.05. If ”, then p<0.01.

Treatment for upto 78 weeks with lindane resulted in astatistically significant inarease in
the incidence of bronchiolar-alveolar adenomas and an increased incidenceof carcinomas
in female Crl:CD-1 mice; however, the increased incidence of carcinomas was not dose-
dependent and tumor response was variable. Female mice had significant incressing
trends and significant differences in the pair-wise comparisons of the 160 ppm dose group
with the controls for lung alveolar-bronchiolar adenomas and combined
adenomas/carcinomas, al at p < 0.05 (Table 2a). Theincidence of pulmonary adenomas
in the control group was at the low end of the rangein historical controls (6%) and the
incidence in females administered the high dose (23%) was slightly outside of the high end
of the range for the historical controls (6%-19%) (MRID 45291402).
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.Table 2a. Male and Female L ung Alveolar-Bronchiolar Tumor Rates” and Exact
Trend Test and Fsher’s Exact Test Results (p values)- Initial Diagnosis
(Brunsman, 2001)
ppm 0 10 40 160 0 10 40 160
mg/kg/day 0 1.3 52 20.5 0 1.8 7.1 26.8
males females
Tumor Type Lung Alveolar-Bronchiolar Tumors
Adenoma 16%/49 15/48 11/49 8/48 3148 7/46 7147 11/48
% (33) (3D (22) (17) (6) (15) (15) (23)
p= 0.0270* " | 0.5278 | 0.1830 | 0.0554 | 0.0274 | 0.1412 | 0.1497 | 0.0200
Carcinoma 0/49 1/48 3°/49 0/48 1/48 2°/46 2047 1/48
% (0) 2 (6) ) 2 (4) (4) (2)
p= 0.3138 0.4948 | 0.1211 | 1.0000 | 0.4361 | 0.4839 | 0.4920 | 0.7526
Combined 16/49 16/48 14/49 8/48 4/48 8/46 9/47 12/48
% (33) (33) (29) (17) (8) (17) (19) (25)
p= 0.0186* " | 0.5574 | 0.4134 | 0.0554 | 0.0389 | 0.1573 | 0.1080 | 0.0264

2 first adenoma observed in malesat week 33, dose0 ppm and in females at week 44, dose 0 ppm

® first carcinoma observed males at week 65, dose40 ppm and in females at week 53, dose 10 ppm
n Negative trend

Note: Significance of trend denoted at control,
Significance of pair-wise comparison with control denoted at dose level
If*, thenp < 0.05. If ”*, then p<0.01.

A new report on theresults of resectioning of lungs of female mice waslater submitted by the
Registrant (MRID 45470601). Theresults showed the presence of two additional pulmonary
adenomasin the controlsand twoin the high dose group. Thenumber of pulmonary adenomas
and combined adenomas/carcinomasinGroup 4 remained still statistically significant (Table
2b), and was biologi cdly significant, being wdl above the historical control range for this
strain of mouse. The incidence in the controls and in the two intermediate dose groups was
within the historical control range (6%-19%) for pulmonary adenomasin CD-1 females. It
is, however, difficult to compareold tumor dataver susthe combined analysesbased on
theold and new findings without knowing the exact procedureinvolved in resectioning
the lungs and why resectioning of the lung tissue was necessary. Therefore, without
judging the validity of the new sectioning versus the original report, the end results
appear to bethe same.
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Tabl e 2b. Lindane - CD-1 Mouse Study
Femal e Lung Al veol ar-Bronchi ol ar Tunor Rates® [ Additional Histopathol ogy PLUS
Origi nal Diagnoses] and Exact Trend Test and Fisher’'s Exact Test Results (p
val ues) - Results of Re-sectioning (Brunsman, 2001)

Dose m
0 10 40 160
Adenomas 58/ 48 7/ 46 7147 13/ 48
(%9 (10) (15) (15) (27)

p = 0.0165* 0.3492 0. 3644 0.0326*
Car ci nomas 1/ 48 2 46 2/ 47 1/ 48
(%9 (2) (4) (4) (2)

p = 0.4361 0.4839 0.4920 0. 7526

Combi ned 6/ 48 8/ 46 9/ 47 14/ 48
(%9 (12) (17) (19) (29)
p = 0.0235* 0. 3535 0.2723 0.0384*

*Nunber of tunor bearing ani mal s/ Nunber of animals exam ned, excluding those that
di ed before week 44.

8First adenoma observed at week 44, dose 0 ppm
bFirst carcinoma observed at week 53, dose 10 ppm
Note: Significance of trend denoted at control

Significance of pair-wi se comparison with control denoted at dose | evel
If *, then p < 0.05. If ™, then p < 0.01.

Non-Neoplastic Lesions

At 78 weeks, there were increases in theincidences of centrilobular hepatocyte hypertrophy
(control, 6%; 160 ppm, 30%; p<0.01) and eosinophilic focus/foci of hepatocel lular ateration
(control, 4%; 160 ppm, 16%; p<0.05) in high-dose males compared to the control group
(Table 3). No microscopic liver changes were seen in females
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Table 3. Non-Neoplastic Lesions in CD-1 Mice FedLindane
Dose (ppm) 0 10 40 160 0 10 40 160
mg/kg/day 0 1.3 52 205 0 1.8 7.1 26.8
males females

centrilobular hepatocyte 3/50 | 2/50 [ 7/50 | 15/50 | 0/50 0/50 0/50 0/50
hypertrophy

eosinophilic focus/foci of 2/50 | 1/50 | 5/50 | 8/50 0/50 0/50 0/50 0/50
hepatocyte. alterations

lung epithelial hyperplasia 150 | 1/50 | 1/50 [ 2/50 1/50 0/50 0/50 2/50

lung congestion 16/50 | 12/50 | 16/50 | 11/50 || 6/50 13/50 | 8/50 | 13/50
Thyroid- dilated follicles 9/49 | 4/16 | 3/16 | 14/50 | 2/50 1/19 0/17 3/50
LN Bronchial- increased vie | 0/17 | U15 | 011 0/12 1/15 2/15 3/14
cellularity

Adeguacy of the Dosing for Assessment of Carcinogenicity

There was no sgnificant change in body weight and the survival analysesindicated no
statistically significantincremental changeswithincreasing dosesof lindanein maleor fenale
mice (Brunsman, 2001). All dose groups and controls had 68% survival at study
termination.

Histopathology revealed an increased incidence of liver lesionsin male mice. The LOAEL
was 160 ppm for males (20.5 mg/kg/day) and females (26.8 mgkg/day) based on liver
hypertrophy in males and a slight increase in bronchiolar-alveolar adenomas in females.

The doses selected for the above chronic/carcinogenicity study were based on the results of
arange-finding subchronic toxicity study (MRID 45424301). In thisstudy, lindane (99.78%
ai.) wasadministered to 10 CD-1 mice/sex/dose at dietary levels of 0, 40, 80, 160, 320 ppm
(0,5.7,12.2,22.8 and 46.2 and 0, 8.9, 16.0, 32.9, and 62.6 mg/kg/day in males and femdes,
respectively). Body weight gain was reduced by 27% in males and 9% in females at the
highest dose. The four females in the highest dose (320 ppm) group that died during
treatment period had hepatocellular hypertrophy and karyomegaly inthe liver and Clara cell
hypertrophy as well as congestion in the lungs. These findings were also seen in treated
animals in the 160 and 320 ppm dose groups that were sacrificed at study termination;
therefore, these deaths were considered to be treatment-related. The early deathsin the 320
ppm dose group indicate that this dose was excessive. Based on the results of this study the
majority of the CARC concluded tha the doselevels of 0, 10, 40 160 ppm selected for the
two-year carcinogenidty studyin mice appeared to be adequate.  However, afew members
felt that the animal s could havetolerated a higher dose, based on the resultsof chronic study.
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2. Combined Chronic Toxicity/Carcinogenicity Study with Lindanein Agouti,
Pseudoagouti and Black Mice

Reference: Wolff, G.L. et al. Tumorigeni c responses to lindane in mice: potentiation by a
dominant mutation, NCTR, Jefferson, AR ; Carcinogenesis 8(12): 1889-97 (1987).

Experimental Design

In an NCI study, three strains of female mice, Agouti, Pseudoagouti, and Black, were
administered lindane at dietary concentrations of Oor 160 ppm. Groups of 36-96 animals per
strain were continuously fed treated or control dietsfor up to 24 months. Additional groups
of 48-96 Agouti and Black mice were fed treated or control diets for 6 months and then fed
control diet for 6 or 18 months (recovery).

Tumor Analysis:

No evidence for an increased incidence or a decreased latency of liver tumors was observed
for the black strain at any time during the 24 months of study or for the Pseudoagouiti strain
through the 18 month sacrifice. At 18 months, 0/34 control and 12/36 (33%) of the treated
Agouti mice developed hepatocellular adenomas; one carcinoma each in the treated and
control groups was noted. Both the treated Agouti and Pseudoagouti strains had clear
increases in adenomas and slight increasesin carcinomas at 24 months. The incidencerates
for the control and treated Agouti groups were 9% and 35%, respectively, for adenomas and
13% and 17%, respedively, for carcinomas. The incidence rates for the control and treated
Pseudoagouti groups were 5% and 12%, respectively, for adenomas and 2% and 5%,
respectively, for carcinomas.

Increasesin Clara cell hyperplasia were noted in the lung at al sacrifice intervals for each
strain and the incidence of lung tumors was increased in later months for the Agouti and
Pseudoagouti strains. The percentage of mice with Claracell hyperplasiain the control and
treated groups was 6-31% and 72-92%, respectively, for the Agouti; 6-17% and 50-79%,
respectively, for the Pseudoagouti; and 0-14% and 56-90%, respectively, for the Black strain.
Lung tumors for the Agouti strain occurred in 0% of the control and 17% of the treated
animals at 18 months and 4% df the control and 19% of the treated animals a 24 months.
Lungtumorsinthe Pseudoagouti strain occurred in 6% of the controlsand 14% of thetreated
animals a 24 months. After recovery, the incidences of Clara cell hyperplasia (Agouti and
Black mice) and lung tumors (Agouti mice) remained slightly elevated as compared with the
controls.

Non-neoplastic lesions:

No clinical signsof toxicity and no survival information were reported. No apparent effects
on body weights or food consumption were observed, but only limited data were presented.
When compared withuntreated controlsat 6 and 12 months, benzo(a)pyrene monooxygenase
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activity in the liver wasincreased 1.61-1.84x in the Agouti, 2.71-2.78x inthe Pseudoagouti,
and 2.07-2.09x inthe Black strains. Liver weightswereincreased 14.7-31.2% in the Agouti,
13.5-22.0%in the Pseudoagouti, and 12.2-16.4% in the Black strains at sacrificeintervalsup
to 24 months. Following the recovery period, liver weights of the treated mice were similar
to the controls.

Adequacy of the dose:

Only two dose groups were tested in this study, 0 and 160 ppm. The CARC concluded that
although the liver effects gopear to suggest that a dose of 160 ppm was adequate, additional
dose groups may have provided confirmatory information. A morethoroughreporting of the
clinical signswould have been useful in definitive determination of adequacy of dose.

3. NTP Combined Chronic Toxicity/Carcinogenicity Study with Lindanein Mice

Reference: NCl, Carcinogenesis Program, Bethesda, MD; DHEW Pub# (NIH) 77-814, 1977.

Experimental Design:

Groups of 50 B6C3F, mice/sex were administered lindane at dietary concentrations of 80 or
160 ppm for 80 weeks then observed for an additional 10-11 weeks. Matched controls
consisted of 10 mice/sex. For statistical analysis, 40 untreated mice/sex were pooled from
four other bioassays of other test chemicals.

Discussion of tumor data:

The incidence of hepatocellular carcinoma in low-dose maes (19/49) was increased
significantly (p=0.001) when compared with pooled controls (5/49). The incidence of
hepatocellular carcinomain high-dose male mice (9/46) was not significantly different than
the matched (2/10) or pooled controls.

Non-neoplastic lesions

The non-neoplastic lesions are presented in Table 4 below. Therewereonly slight increases
in liver inflammation in males and spleen hyperplasia in females. Higher incidences of
mi croscopic changesin the uterus and ovaries of treated mice were noted; however, no clear
dose response was found.
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Table 4. Non-neoplastic lesionsin B6C3F, male and female mice

Dose 0 80 160 0 80 160
males females
liver, inflammation/ swelling 0/10 0/49 5/46 0/10 0/47 0/46
spleen, hyperplasia 0/10 1/50 0/47 0/8 2/49 4/48
uterus, hyperplasia o7 3/44 4/43
ovary , inflamation NIA 37 14/42 10/46

Adequacy of Dosing for Assessment of Carcinogenicity

Body weight was unaffected by the test material. No food or water consumption data was
provided. The CARC concluded that the use of pooled controls compromised the usefulness
of the study and the avail abledatawere inadequate to make an assessment of the carcinogenic

potential of lindane.

Table5 provides acomparison of other available mousestudies and their deficiencies.

Table 5. Mouse Carcinogenicity Studies, their Results and Deficiencies'

Study
design/deficiencies/classification

Results

1. Carcinogenicity - CF-1 mouse
Walker and Thorpe as publishedin
Food Cosmetic Toxicology 11:433-442,1973.

Supplementary. Data in summary tables were not
supported by individual animal data. Test material cannot
be validated. Only one dose level which produced severe
toxicity was used. Study was run concurrertly with dieldrin,
DDT, phenobarbitone

Considered positive for liver tumors.

Males Females
Contrd(45) BHC(29) Control(44) BHC(29)
Adenoma 20% 3B% 23% 34%
Carcinoma 4% 55% 0 34%
Total 24% 93%** 23% 69%**

[data are % of animals with tumor, the number in-( ) is the number
of mice per sex examined.]
** P < 0.01 study author's statistics.

CFl strain mouse, Dose levels tested: 0, 400 ppm
and beta-BHC for 105 to 109 weeks.

2. Carcinogenicit -dd mouse
Hamada, Yutani and Miya as published
in GANN 64:511-3(1973).

Supplementary. Data were available in summary form
only. Very small number (only 3 or 4) of animals were
dosed per group. The survival was poor and dosing period
was only 32 weeks . Test material cannot be validated.
Study was un concurrently with alpha, beta and gamma
isomers of BHC.

considered positive

Three of four males and one of three females receiving pure
gamma isomer at 600 ppm were said to develop "hepatoma” or
liver tumors. None of the controls or mice dosed with 100 or 300
ppm developed these tumors.

dd strain mice, dose levels 0, 100, 300 or 600 ppm of gamma,
alpha or beta hexachlorocyclohexane or crude "BHC" for 36 to 38
weeks.
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3. Oncogenicity - B6C3FL mouse
NCI, No.: NCI-CG-TR-14,1977

Supplementary: Use of only 10 mice per sex for the
control group compromised the usefulness of the study.
Data were in summary tables only. There were no
indications of toxicity athigh dose. Test material cannotbe
validated.

Considered positive atlow dose only.
Hepatocellular Carcinomas

Dose Level Males Females
Control 10 2(20%) 10 0

80 ppm 49 19(39%) 47 2(4%)
160 ppm 46 9(20%) 46 4(7%)

NCI study conclusion is that the chemical is not positive for lver
tumors. Conclusion corroborated by Vesselinovich and Carlborg.
The CAG of ORD considers low dose group positive. Dose levels
tested were 0, 80 and 160 ppm for 80 weeks with 10 weeks
recovery. B6C3CF, strain mice.

4. Oncogenicity -Chbb-NMRI mouse
Boehringer Sohn Ingelheim am Rhein,
No Study No.: February 25. 1975

Supplementary: Insufficient raw data were used to support
conclusions. There was no verification of identity of test
material and no evidence of toxicity at high dose level.

No evidence of liver neoplasms.
Dose levelstested 0, 12.5, 25 and 50 ppm.

Chbb-NMRI strain mice.

5. Oncogenicity - mice (strain unspecified)

Ito , Nagasaki, Arie, Sughara and

Makiura, Nara Medical University -

No Study No.: as published in J.

National Cancer Institute 51:817-

826, 1972 .

Supplementary/Invalid: No individual animal data were
provided, test was conducted for only 24 weeks. There
was no verification of the test material.

gamma isomer was not shownto increase liver tumors. Alpha
isomer was positive.

Dose levels tested 0, 100, 250 or 500 ppm for 24 weeks.

Strain was not specified.

6. oncogeniity - ICR-JCL mouse

Goto, Hattori, Miyagawa and Enomoto, Gakushin
University, as publishedin

Chemosphere 1(6):279-282 1972.

No Study No.,

Supplementary: No individual animal data were available
and there was no erification of the test material. Single
dose level for only 26 weeks. Other isomers were tested
at the same time. No information on survival or reactions to
treatment was available. Test material was not validated as
lindane.

considered positive
Liver tumors developed in 5 of 10 mice dosed with gamma isomer
after 26 weeks.

Dose level tested: 0 and 600 ppm, other isomers of HCH also
tested.

ICR-JCL strain mouse.

7. Carcinogenicit - dd mouse

Nagasaki, Tonrii, Mega, Marugami and

Ito, Nara Medical University, as

published in Topics in Chemical

Carcinogenesis, 1972

No Study No.:

Supplementary: Technical ECCE (mixture of isomers) was
used, not lindane. Data were available in summary tables
only. Only males were tested.

"Hepatoma" resulted in response to 660 ppm of the test materia
(mixture of isomers).

Dose levelstested: 0, 6.6, 66 and 660 ppm.

dd strain of mice, only males tested.

8. Carcinogenicity - mouse

Wolff and colleagues. AS published

in Carcinogenesis 8(12):1889-1892 , 1987

Supplementary: Data are in summary tables only. No
verification of the test material. Only females tested. Only
a single dose tested. No data on clinical obsewations,
body weight or suwvival. This strain may metabolize lindane
at a slower rate with resulting accumulation in

tissue.

Considered positive in two of three strains

Liver and lung adenomas and liver carcinomas in"pseudoagouti”
and "yellow" but notin black normal mice.

Dose levels tested 0 and 160 ppm.

Strains as indicated above.

! This table developed by John Doherty (1993 RfD document) has been dightly modified.
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5. Carcinogenicity Study in Rats

Reference:

Aymes, S.J. 1993. Lindane: Combined carcinogenicity and toxicity study by dietary
administration to Wistar rats for 104 weeks.  Addendum to final report (Adrend
histopathology - additional invedigations). Life Sciences Research, England. Study No.
90/CIL002/0839. June 2, 1993. MRID 42891201. Unpublished.

Aymes, S.J. 1989. Combined carcinogenicity and toxicity study by dietary administration
to Wistar ratsfor 104 weeks. Life Sciences Research, England. Study No. 90/CIL002/0839.
November 7, 1989. MRID 41853701. Unpublished.

Aymes, SJ. 1989. Lindane Combined carcinogenicity and toxicity sudy by dietary
administration to Wistar rats for 104 weeks - Interim report week 0-26. Life Sciences
Research, England. Study No. 88/CIL002/816. March 7, 1989. MRID 41094101.
Unpublished.

Experimental Design

Lindane (99.75% a.i., Lot no. DA433) was administered in the diet to groups of 50 male and
50 female Wistar rats at concentrations of 0, 1, 10, 100, or 400 ppm for 2 years. Corre-
sponding delivered doses were 0, 0.05, 0.47, 4.81, and 19.66 mg/kg/day, respectively, for
malesand 0, 0.06, 0.59, 6.00, and 24.34 mg/kg/day, respectively, for females. An additional
15 rats/sex/group were designated for interim sacrifices at 30 days and 26 weeks.

Discussion of Tumor Data

Maleratswereidentified as having adrenal pheochromocytomas (Table6). The percentages
of animals with adrenal tumorsin the O, 1, 10, 100, and 400 ppm groups were 14, 16, 16, 6,
and 24% for benign tumors, respectively, and 0, O, 6, 8, and 2% for malignant tumors,
respectively. Statistical significance was not reached by relevant tests

When compared to historical controls, the incidence of adrenal pheochromocytomas in the
current study slightly exceeded that of thehistorical control at the HDT (400 ppm). The
range of adrenal pheochromocytomasobserved inthehistorical contra datawas4/50to0 11/50
(8% - 22%) for male rats examined in four studies conductedin 1990. Of the 18 studiesin
the historical control data, 6 were performed in 1990; the other 12 were performed between
1986 and 1988.

Non-Neoplastic Lesions

Theincidencerateof periaanar hepatocytic hypertrophy was significantly (p<0.01) increased

11
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inthe 100 and 400 ppm groupswith 25/50 malesand 19/50 females at 100 ppm and in 40/50
males and 43/50 females at 400 ppm compared with the vehicle control. No treatment-
related histopathological |esions were observed in the spleen or bone marrow.

Kidney lesions in males indicative of alpha 2 globulin accumuation were obsaved in
animals treated with 10 ppm; but since this effect is species (rat) specific, it was not

CANCER ASSESSMENT DOCUMENT

considered relevant to human health risk assessment.

Adequacy of Dosing for Assessment of Carcinogenicity

Table 6. Percentage (%) of animalswith adrena pheochromocytomas

Control Benign Malignant Both (B & M)
(ppm)
0 14 0 14
1 16 0 16
10 16 6 18
100 6 8 14
400 24 2 26
Adjusted Rates'
0 29 0 29
1 39 0 39
10 335 15.2 38.6
100 121 214 31.0
400 52.9 2.9 54.2

Historical controls: Benign- 8 to 22% and Malignant- O to 2%
. Kaplan-Meier estimated tumor incidence a the end of the study after adjusting for inter- current mortal ity.

CARC concluded that the doses tested were considered to be adequate and not excessivein
both sexes. Thiswas based on decreased survival, decreased body weight gains, decreased
food consumption, and increased spleen and liver weights correlated with periacinar
hepatocyte hypertrophy in both sexes a the high-dose, relative to the controls.

Final body weights of the high-dose males were significantly (-14%; p  0.05) lessthan the

FI NAL REPORT
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controls. Body weights and body weight gains for the treated females were similar to the
controlsthroughout the study. Total food consumption for theentire study was similar to the
control levels.

Platelet counts were significantly increased in males at 100 and 400 ppmat week 12 andin
males and females at week 24, but not at later time points. High-dose males and females had
significant decreasesin red blood cell parameters at week 104 as compared with the controls.

Significant changesin clinical chemistry parameters were observed in high-dose males and
femalesduring thefirst year of the study. Inorganic phosphorousand caldum wereincreased
in males and females; the cholesterol and urea were increased in females, and the
albumin/globulinratio was decreased in females. All parameters were similar to the control
levels by week 104.

High-dose males and femal es had increased absolute and relative liver weights at all interim
sacrifices, athough statistical significance was not always reached. At study termination,
absolute and relative liver weights were significantly increased in high-dose males and
females. At 100 ppm, absolute and relative liver weights were increased for both sexes.

6. NTP Combined Chronic Toxicity/Cardnogenicity Study with Lindane in Rats

Reference: NCI, CarcinogenesisProgram, Bethesda, MD; DHEW Pub# (NIH) 77-814, 1977.

Experimental design:

Lindane was administered in the diet of 50 Osborne-Mendel rats/sex/dose for atotal of 80
weeks. Malesreceived 320 or 640 ppm for 38 weeks and 160 or 320 ppm for the remaining
42 weeks. Females received 320 or 640 ppm for 2 weeksand 160 or 320 ppm for 49 weeks;
then for the remaining 29 weeks, the dose was|loweredto 80 or 160 ppm. After theinitial 80
week treatment period, all animals were observed for an additional 29-30 weeks. Matched
controls consisted of 10 rats/sex. For statistical analysis 45 untreated rats/sex were pooled
from four other bhioassays of other test chemicals.

Discussion of tumor data

AsshowninTable7, therewerethreeincidencesof spleen hemangiomainthehigh-dosemale
group only and none in the females. There were also increases in neoplastic lesions of the
liver; however, these werewithinthe historicd control valuesinthistumor for thisra strain
(0-12%, Goodman et al. 2000, personal communication). Other organsaffected with primary
tumors include: thyroid, pituitary, and mammary glands with only afew incidences and no
clear dose-response correlation.

13
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Non-neoplastic Lesions

Microscopic changes were seen in the liver of both males and females, including cirrhosis,
degeneration and necrosisin adose dependent manner. Cysts, hyperplasiaand atrophy were
seen in the endocrine and reproductive organs of these animals.

Table7. Tumor datafor Osborne-Mendel rats fed lindane for 80 weeks

Dose control low high control low high
males females
spleen hemangioma 0/8 0/44 KT T B I
thyroid, adenoma 1/6 5137 0/37 0/8 1/44 1/42
caranoma 0/6 1/37 4137 0/8 1/44 0/42
liver, neoplastic nodule 0/10 3/45 2/45 0/10 4/48 2/45
pituitary, adenoma 0/10 0/32 2/35 o/7 0/45 2/41
carcinoma 0/10 1/32 0/35 o7 1/45 0/41
mammary, adenoma 0/10 0/48 2/49 0/10 3/50 1/50
carcinoma 0/10 1/48 0/49 1/10 1/50 0/50
Adequacy of Dosing for Assessment of Carcinogenicity
Mean body weight did not show consistent changes fromthe administration of lindane. The
CARC concluded that the use of pooled control s compromised the useful ness of the study and
the available data were inadequate to make an assessment of the carcinogenic potential of
lindane.
V. TOXICOLOGY
1. M etabolism

Lindaneisdistributed to all organsat measurabl e concentrationswithinafew hours after oral
administration. The highest concentrations are found in adiposetissue. The metabolism of
lindane isinitiated through one of the following pathways: dehydrogenation leading to

HCH, dehydrochlorination leading to formation of PCCH, dechlorination leading to
formation of  -tetrachlorohexene, or hydroxylation leading to formation of
hexachlorocyclohexanol. Further metabolism leads to a large number of metabolites.
Volatilizalion appears to be an important route of its dissipation under the high-temperature
conditions of tropical regions. Lindane is converted by enzymatic reactions, mainly in the
liver. In mammals, including humans, lindane is excreted very rapidly in urine and feces
after metabolic degradation; only small amounts are eliminated unchanged. The half-life of

14
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lindane administered to ratsis 2-4 days depending on the frequency of exposures, single or
repeated.

Other metabolites are d so known tobe associated with lindane exposure; theseinclude 2,4,6-
trichlorophenol and 2,4,5-trichlorophenol. Exposure to lindane in a residential settingis
expected to be negligible except for use as a lice or scabies treatment. These uses are
regulated by FDA and have not been evaluatedin this document.

2. M utagenicity

Aspart of the Registration Standard prepared in 1985, the available literature and submitted
mutagenicity studieswere evaluated (HED Document No.004704). Based onthisevaluation,
it was concluded that the weight-of-the-evidence with conventional genotoxicity testing
indicated that lindane did not interact with DNA or interfere with genetic mechanisms. This
position was reiterated in 1993 (memo by G. Ghali, 1993). Reviews prepared by IARC
(1979/1987), IPCS(1990) and ATSDR (1999) indicate that lindaneand itsassociated isomers
have mixed genotoxic potential. In addition, numerous mutagenicity studies have been
evaluated by the European Commission (EU) in their draft monograph on lindane (2001).
Representative studies were selected from the EU evaluation of lindane since they were
performed according to OECD or EPA guidelines. These include:

1. A bacterial mutagenicity assay using Salmonella typhimuriumwith and without metabolic
activation which was negative up to cytotoxic doses (5000 ug/plate +S9) or insoluble doses
(greater than or equal to 500 ug/plate-S9; greater than or equal to1500 ug/plate +S9 ; Oesch,
1980).

2. Anaerobic mammdian cell (V79) gene mutation assay was negative up to cytotoxicdoses
(greater than or equal to 50 ug/mL -S9; greater than or equal to 250 ug/mL+S9); the
compound precipitated at greater than or equal to 250 ug/mL (Glatt, 1984). EPA only
received an anaerobic assay which had an acceptable aerobic portion (Glatt, 1985).

3. Mammalian cell cytogenetic assay was negative in CHO cells up to cytotoxic doses
(greater than or equal to 33.2 ug/mL -S9; greate than 33.2 ug/mL+S9). (Murli, 1990).

4. UDS in primary rat hepatocytes was also found to be negative up to cytotoxic doses (15
ug/mL) (Cifone, 1990).

There are no acceptablein vivo studies but they arenot necessary to satisfy pre 1991 FIFRA
guidelinereguirements. Newer published data showsthat lindane induces oxidativestressin
the liver of treated rats (Carrion et al., 2001; Cornngjo et al., 2001; Videlaet al., 2000). In
agreement with these findings, the 1999 ATSDR review states that oxidative stress may be
apossible mechanism of liver toxicity.

The CARC has an additional concern related to possible genetic effects on germinal cells.
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Although an old submitted dominant lethal assay (MRID 00062657) was negative, it was
considered unacceptable and not upgradable because of technical deficiencies. Recent
information found in the open literature indicaes that topical application of lindane led to
rapid absorption and accumulation in rat testes (Suwa sky et al., 2000). The investigators
reported widespread damage to a"great number” of Leydig cells after the gpplication of 1%
lindane once daily for 4 consecutive days. These findings are consistent with the work of
Wal shand Stocco (2000) showinginhibition of steroi dogenesisbyreductionsin steroidogenic
acute regulatory (StAR) protein expression in mouse Leydig cdlsin vitro. Since thereis
someevidencethat lindane reaches and damagesgerm cells, the Committee recommendsthat
the dominant lethal assay be repeated to determine if there is a genetic component to the
reproductive (germ cell) effects reported above for lindane

3. Structure-Activity Relationship

Technical-grade hexachlorohexane (HCH) which consists of alpha, beta, gamma, delta and
epsilon isomers of HCH is a carcinogen. In rodents studies, the pure alphaisomer of HCH
has been found to induce liver tumors; this is aso true for the pure beta isomer of HCH..
These studies are found in the NTP, IARC and I PCS reports on hexachl orohexanes.
Lindane sharesits structure with at least four other isomers. They differ only with resped to
the position of the chlorine atomsin the apha or beta positions, above or below the plane of
the hexane ring structure.

Structure of HCH (Lindane)::
-isomer: 1 2 3 hexachlorocyclohexane

Other isomers:

-isomer:1 2 3 hexachlorocyclohexane
-isomer:1 2 3 hexachlorocyclohexane
-isomer:1 2 3 hexachlorocyclohexane
-isomer:1 2 3 hexachlorocyclohexane

Isomers of hexachlorocyclohexane (HCH), other than lindane, have been classified
asfollows, according to IRIS: The technical HCH and theal pha-isomer are classified
as B2, probable human carcinogens. The beta-isomer is classified as C, possible
human carcinogen. The deltaand epsilonisomersareclassified asD, not classifiable
asto human carcinogeni city.

Appendix A containsasummary of vari ous studieswhich examinethe carcinogenicity
of the gammaisomer (Lindane) alone or in comparison with the other isomers.

4. Subchronic, and Chronic Toxicity

Subchronic Toxicity
Mice

A range-finding subchronic toxicity study (MRID 45424301) was conducted to
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determine the doses to be used in a two-year carcinogenicity study. In this study,
Lindane (99.78% a.i.) was administered to 10 CD-1 mice/sex/dosein the diet at dose
levelsof 0, 40, 80, 160, 320 ppm (0, 5.7, 12.2, 22.8 and 46.2 and 0, 8.9, 16.0, 32.9,
and 62.6 mg/kg/day in males and females, respectively).

No treatment-related clinical signswere observed. Five females died or werekilled
during the treatment period. Four were in the highest dose (320 ppm) group and one
from the control group was a humane kill. These animals presented with no
macroscopic changes. Histopathology revealed hepatocyte hypertrophy and
karyomegaly in the liver and Clara cell hypertrophy and congestion in the lungs
Thesefindingswere dso seen in treated animalsin the 160 and 320 ppm dose groups
that were sacrificed at study terminaion; therefore, these deaths were considered to
be treatment-related. Body weight was reduced by 6% in males and was unaffected
in femalesin the highest dose tested (320 ppm). Body weight gain was reduced by
27% in males and 9% in females.

In asubchronic inhalation toxicity study, Lindane (99.6% a.i., Batch no. DA433) was
administered by inhal ation to groups of 45 male and 45 female CD-1 mice at nominal
concentrationsof 0, 0.3, 1.0, 5.0to 10 mg/m3 (0, 0.1, 0.4, 2.0 or 4.0 mg/kg/6 hrs), for
14 weeks. Exposures were 6 hours/day, 5 day/week as described in the pil ot study.
During the first five exposures, the high-dose group was exposed to a mean
concentration of 9.72 mg/m3 (4.0 mg/kg/6 hrs), but dueto excessivedeaths, the mean
concentration was lowered to 4.94 mg/m3 (2.0 mg/kg/6 hrs). No exposure-related
effects were noted for body weight gain, food consumption, water consumption, or
ophthalmoscopic, hematology, clinical chemistry, or urinaysis parameters. Bone
marrow andysis did not show any time- or concentration-related changes. Brain,
kidney, lung, spleen, thymus, and adrenal, and testesweightsweresimilar betweenthe
treated and control animas. Liver weights of females exposed to 5 mg/m3 were
increased 14% (p  0.05) at week 20.

Rats

In a subchronic oral neurotoxicity study (MRID 44781101), groups of 10
Crl:CD®BR rats/sex/group were administered lindane (Batch No. HLS96/1, Purity
99.78%) inthediet for 13 weeksat concentrationsaf O (control), 20,100, or 500 ppm.
Due to severe toxic reactions to treatment at 500 ppm, the dose was reduced to 400
ppm on day 11 of treatment thereafter. Thesedoses resulted inaverage daily intake
valuesof 0, 1.4, 7.1, and 28.1 mg/kg/day for malesand 0, 1.6, 7.9, and 30.2 mg/kg/day
in females for 0, 20, 100, and 500/400 ppm, respectively.

Significant treatment-related decreases (p<0.05 or p<0.01) in body weight were
observed among males and females treated with 500/400 ppm of 14% and 23%,
respectively. Decreasesin body weight gains (70% and 180% , p<0.01), food
consumption (35%  and 50% , p<0.05 or p<0.01, respectively), and food
conversion ratios were observed for males and females in the 500 ppm groups
compared to the control group for the first week of the study. Male rats tended to
recover from these effects after the dose was lowered. Females, however, did not
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exhibit this same level of recovery as their food consumption remained dlightly
depressed throughout the remainder of the study.

Females in the 100 ppm group had significantly decreased body weight gains (40%,
p<0.05) compared to the control group during the first week of the study and this
effect continued, although not at alevel of significance throughout the remainder of
the study. Femdes in the 100 ppm group had significantly decreased food
consumption (16%, p<0.01) for the first week of the study and this trend continued
throughout the study. Liver weights were also found to beincreased at 500/400 ppm
for both sexes; no additional information was given.

Chronic Toxicity

Inthe chronictoxicity/carcinogeniaty study (MRID 41853701), lindane (99.75%a.i.,

Lot no. DA433) was administered in the diet to groups of 50 mde and 50 female
Wistar rats at concentrations of O, 1, 10, 100, or 400 ppm for 2 years. Corresponding
delivered doseswere0, 0.05, 0.47, 4.81, and 19.66 mg/kg/day, respectively, for males
and 0, 0.06, 0.59, 6.00,and 24.34 mg/kg/day, respectively, for females. Anadditional

15 rats/sex/group were designated for interim sacrifices at 30 days and 26 weeks.

Body weights weredlightly less than the controls for the high-dose males (-6%) and
females (-8%) during weeks 1-5 of the study, but gradually increased to within 2% of
the control level by week 26 for males and week 9-10 for females.

High-dose femdes had significantly decreased hemoglohin, decreased RBC counts,
and decreased PCV. These red cell paameters were “marginally lower” for high-
dosemales (non statistically significant). Platelet counts increased in mid- and high-
dosemalesand females. White cell countssignificantly increasedin mid-doseand in
high-dose femaes due to increases in neutrophils.

Theliver appearsto bethe major target organ. Kidney lesionsin maleratsindicative
of apha2 globulin accumulation were observed in animals treated with 10 ppm,
but are not considered relevant to human health risk assessment. Absolute kidney
weightsweresignificantly increased in high-dose males. Absoluteand relative kidney
weightsincreased inmid-dose malesand high-dose malesand females. Theincidence
of periacinar hepatocytic hypertrophy was significantly incressed in malesat 100 and
400 ppm and infemalesat 400 ppm. Thislesion was not seen in control animals of
either sex. No treatment-related histopathological lesions were observed in the
spleen, adrenals, brain, or thymus. Bonemarrow data presentation wasinadequatefor
assessment.

5. Mode of Action Studies

No mode of action studies have been submitted for lindane. There have been,
however, several published studies which attempt to elucidate the initiator-promoter

18



L1 NDANE

CANCER ASSESSMENT DOCUMENT FI NAL REPORT

activity of lindane. As discussed earlier lindane does not appear to have a clear
mutagenic potertial.

Lindanemay act asapromoter asevidenced by studieswith Agouti, Pseudoagouti and
Black mice. Only Agouti and Pseudoagouti mice, which haveatransformed genotype
linked to tumorigenicity, werefound to have an increased incidence of liver and lung
tumors. The Black mice had no tumors in the 24 month period of the study. The
Pseudoagouti and Black mice had alow rate of spontaneous tumor incidence in the
liver and lung, but of these two only the Pseudoagouti responded to lindane.
Therefore, lindane appearsto augment the propensity of these genetically altered mice
to develop tumors. It has been suggested that lindane has asimilar mode of action to
phenobarbital, which also increasestheincidence of benign tumorsinthesemice. As
discussed earlier on page 13, oxidative stress may be a possible mechanism of liver
toxicity.

Suggestions have been made that the metabolites of lindane may contribute to its
carcinogenicpotential. Onemajor urinary metabolite, 2,4,6-TCP, isconsidered to be
acarcinogen. However studiesindicate that TCP may have only aminimal effect on
the overall carcinogenic potential of lindane.

V. COMMITTEE'SASSESSMENT OF THE WEIGHT-OFTHE-EVIDENCE

1. Carcinogenicity

The CARC concluded that lindaneiscar cinogenic only tofemalemiceand isnot
car cinogenic to male mice and male and femalerats.

1 CD-1 female mice had significant increasing trends and significant
differencesin pair-wise comparisons of the 160 pom (26.8 mg/kg/day) dose
group with the controls, for lung alveolar-bronchiolar adenomas (23% vs6%
in controls) and combined adenomas/carcinomas (25% vs 8% in controls), all
at p < 0.05; the incidence of lung adenomas (23%) was dightly outside the
historical control range (6%- 19%). The increased incidence of carcinomas
was not dose-dependent and tumor response was variable. Lindane was not
carcinogenic to male mice. No non-neoplastic liver changes were seenin
females. The mgjority of the CARC considered the dosing to have been
adequate and not excessive based on an increase in the incidence of
centrilobular hepatocyte hypertrophy as well as eosinophilic foci of
hepatocellular alteration in high-dose males compared to the control group;
similar liver findingswereal so reported in arange-finding subchronictoxicity
study in which early deaths of four femaleswere reported inthe 320 ppm dose
group indicating that this dose was excessive. However, based on the results
of the chronic study a few membersfelt that the animalscould havetolerated
a higher dose.
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At 160 ppm, both the treated female Agouti and Pseudoagouti mice had an
increased occurrence of benign lung tumors (19% vs 4% incontrolsand 14%
Vs 6% in controls, respectively). In addition, both the treated female Agouti
and Pseudoagouti mice had increases in liver adenomas (35% vs 9% in
controlsand 17%vs13%in controls, respectively) andslightincreasesinliver
carcinomas (5% vs 2% in controls and 12% vs 5% in controls) at 24 morths.

No statistical analyses of tumor data were provided. There was no increase
in incidence or decrease in latency period of liver tumors in Black and
Pseudoagouti strains of mice. There was evidence of increased liver weights
and increased incidence of Claracell hyperplasiain Agouti and Black strains
of mice. Increases in Clara cell hyperplasia were noted in the lung at all
sacrifice intervals for each strain and the incidence of lung tumors was
increased in later months for the female Agouti and Pseudoagouti mice. The
percentage of mice with Clara cell hyperplasia in the treated and control
groups was 72%-92% and 6%-31%, respectively, for the Agouti; 50%-79%
and 6%-17%, respectively, for the Pseudoagouti; and 56%-90% and 0%-14%,
respectively, for thefemale Black mice. However, thestudy was conducted on
few animals, only a single dose was tested, no statistical analyses of tumor
datawere presented; and the results of the study were not adequately reported.
TheCommittee concluded that although theliver effectsappear tosuggest that
adose of 160 ppm was adequate, additional dose groups could have provided
confirmatory information.

Theincidenceof hepatocel lular carcinomain low-dose B6C3F, males (19/49)
wassignificant (p=0.001) when compared with that in pooled controls(5/49).
Theincidence of hepatocellular carcinomain high-dose malemice (9/46) was
not significantly different than the matched (2/10) or pooled controls. The
CARC could not assess the carcinogenicity of lindane in B6C3F, male and
female mice because the data reporting was inadequate, there were no
indications of toxicity at the high dose and the test material could not be
validated. Moreover, the use of only 10 mice per sex for the control group
compromised the usefulness of the study.

The Committeeconcluded that theincreased incidence of benign lung tumorsinfemale
CD-1 mice was treatment-related because the treatment-related statistically significant
increasein lung adenomasin female CD-1 micewas correlatedwith increasesinlung tumors
in two genetically susceptible strains of mice (Agouti and Pseudoagouti). Although thereis
some evidence of liver tumor induction inthese genetically susceptible strains of mice, there
was no evidence of liver tumorsin CD-1 mice. Nevertheless, the evidence of hepatotoxicity
(increasedincidencesof liver hypertrophy and liver foci inboth sexes) and promoting activity
suggeststheliver asamagor target organ of toxicity.

1 The treated male Wistar rats developed adrenal pheochromocytomas. The
percentages of animalswith adrenal tumorsinthe0, 1, 10, 100, and 400 ppm
groups were 14%, 16%, 16%, 6%, and 24% for benign tumors, respectively,
and 0%, 0%, 6%, 8%, and 2% for malignant tumors, respectively. Statistical
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significance was not reached by relevant tests and no dose-response was
evident. When compared to historical controls, the incidence of adrenal
pheochromocytomas in the current study slightly exceeded that of the
historical control a the HDT (400 ppm). The range of adrend
pheochromocytomasobserved in the historical control datawas4/50 to 11/50
(8% - 22%) for male rats examined infour studies conducted in 1990. Of the
18 studiesin the historical control data, 6 were performed in 1990; the other
12 were performed between 1986 and 1988. The Committee concluded that
the adrenal tumorsin male rats were not treatment-related. The doses
tested were considered to be adequate and not excessive in both sexes based
on decreased survival, decreased body weight gains and decreased food
consumption; theincreased spleenand liver weightscorrelated withincreased
occurrence of periacinar hepatocyte hypertrophy in both sexes at the high-
dose.

Therewere three spleen hemangiomasin 44 high-dose male Osborne-Mendel
ratsonly (0/8 incontrols) and noneinthefemales. There wereal so non-dose
related increases inneoplastic lesions of theliver (3/45and 2/45 inmalesand
4/48 and 2/45 in females in the low and high dose groups compared to
0/10/sex in control groups) which were within the historical control values
(0%-12%). Other organswith primary tumorsinclude: thyroid, pituitary, and
mammary glands with only a few incidences but there was no clear dose-
response. Dosing at the highest level was considered to beadequate based on
microscopic changes seen in the liver of both males and females, including
cirrhosis, degeneration, necrosis in a dose dependent manne. Cysts,
hyperplasia and atrophy were seen in the endocrine and reproductive organs
of these animals. Survival of the animals was adequate for meaningful
statistical analyses of the incidence of tumors.

The CARC concluded that lindanewasnot car cinogenicto maleand femaleWistar rats
and that theresults of the study in Osborne Mendel ratswer edifficult tointerpret and
wer enot useful in deter mining the car cinogenic potential of lindanein that strain of rat.

2. Mutagenicity

Lindane has been tested in a battery of pre-1991 mutagenicity assays which
satisfies the guideline requirements. The review of both the guideline and
literature studies suggeststhat lindane does not interact with DNA or interfere
with genetic mechanisms. However, sincethereis someevidencethat lindane
reaches and damages germ cells, the Committee recommended that the
dominant lethal assay be repeated to determineif thereisageneticcomponent
to the reproductive (germ cell) effects reported for lindane.

3. StructureActivity Relationship

Isomers of hexachlorocyclohexane (HCH), other than lindane, have been
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classified for carcinogenic potential. The technical HCH and the alpha
isomer are classified as B2, probablehuman carcinogens. The beta-isomer is
classified asC, possiblehuman carcinogen. Thedeltaand epsilonisomersare
classfied as D, not classfiable asto human carci nogenicity.

4. Mode of Action

1 Thetumor-initiating activity reportedin theliterature hasbeen discounted due
tothelack of morphologic alterationsin liver foci after treatment withlindane.
Lindane appears to augment the propensity of genetically altered mice to
develop tumors. However, no definitive studieshave established the mode of
action for liver tumor induction by lindane. There is a suggestion that
oxidative stress may play arolein the liver toxicity of lindane.

VI. CLASSIFICATION OF CARCINOGENIC POTENTIAL

In accordance with the Agency’ s Draft Guidelines for Carcinogen Risk Assessment (Jduly,
1999), the Committee classified lindane into category: “Suggestive evidence of
car cinogenicity, but not sufficient to assesshuman carcinogenic potentia” based onthe
occurrence of benign lung tumors in one sex of one species (i.e., female CD-1 mice).

VII. QUANTIFICATION OF CARCINOGENIC POTENTIAL

The Committee recommended that quantification of human cancer risk is not required.
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APPENDIX A

Carcinogenicity Studies comparing the toxicity of ggmma-HCH with other isomers

Study # of animals doses resultsfor results for other
lindane isomers
(gamma-HCH)
Carcinogenicity- rat 10 /10 0, 5, 10, 50, 100, At 100 ppm of
(The chronic Wistar rat 400, 800 or 1600 HCH , liver
toxicities of ppm of , wt. incr
technical benzene or HCH. no frank liver
hexachloride and tumors induced
its alpha, beta and by HCH
gamma isomers)
published: 1950
Carcinogenicity- 6 / 0, 50, 100 ppm One 50 ppm
Rats (Pathologic 6 for 8 months. and one each
changes in the liver 100 ppm and
of rats after feeding developed
low levels of centrilobular
various hypertrophy,
insecticides) peripheral
published: 1957 migration of
basophilic
cytoplasmic
granulations and
cytoplasmic
incluson
bodies.
Carcinogenicity- 9 groups of 0, 500, 1000 or BHC : cell BHC: cell
rats (Brief W rats 1500 ppm of hypertrophy hypertrophy, nodular
communication: (Japanese or hyperplasia (27/41
development of strain) BHC dosed w/ 1000
hepatocellular ppm for 48-72 wks),
carcinomasin rats hepatocellular
treated with carcinoma (4/29
benzene dosed w/ 1000
hexachloride) ppm for 72 wk s)
published: 1975. :cell
hypertrophy
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Carcinogenicity- 10 /10 0 ppm; Incidence of
rats (Bioassay of Osborne liver neoplasia
lindane for possible Mendel rats iswithin
carcinogenicity) 50 ---- 320 or 640 ppm historical
NCI (NCI-RG-TR- for 38 wks, 160 control levels
14) 1977 or 320 ppm for

42 wks, then 0

ppm for 30 wk's

50 ---- 320 or 640 for 2

wks, 160 or 320

ppm for 49 wks,

80 or 160 ppm

for 29 wks, then

0 ppm for 30

wks.
Carcinogenicity- 10 /10 0 ppm hepatocellular
mice (Bioassay of BGC3F1 carcinoma:
lindane for possible hybrid mice 0 ppm (20%),
carcinogenicity) 80 ppm (39%),
NCI (NCI-RG-TR- 50 /50 80 or 160 ppm 160 ppm (20%)
14) 1977 for 80 wks then

control diet for

10 wks
Carcinogenicity- CF1 mice 0 ppm (24/23%) ! % of liver ! % of liver
mouse (The 45 /45 tumors (gamma- tumors
toxicology of 400 ppm BHC) 93/69% (dieldrin)100/ 87%
dieldrin (HEOD). 30 /30 (gamma-BHC) (DDT) 77/87 %
I1. Comparitive 10 ppm (dieldrin) (phenobarbitone)
long-term oral 100 ppm (DDT) 80/75%
toxicity studiesin 500 ppm (beta-BHC) 73/43 %
mice with dieldrin, (phenobarbitone)
DDT, 200 ppm (beta-
phenobarbitone, BHC)
beta-BHC and
gamma-BHC)
Thorpe and W alker
(1973).
Carcinogenicity- SPF mice 0 ppm incidences ( /
mouse (Testing of (Chbb- )
the substance NMRI) 12.5, 25 or 50 liver cell
Lindane for 100 / ppm for 80 wks adenomas: 4/1,
carcinogenic 100 1/1, 0/0, 2/0
effects in mice lung tumor:
using oral 50 /50 13/8, 10/1, 5/3,

administration-
duration 80 weeks)
translated from
German 1975

6/4
lymphosarcoma:
5/12, 0/7,1/3,
2/5, respectively
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Carcinogenicity- 19 groups or Only mice that were
mouse (Pathologic (20-40/ BHC at 100, dosedw/  BHC in
and ultrastructural group) 250, or 500 ppm combo. or alone
studies in the and combos of developed nodular
hepatocarcinogenic 250 ppm ea. of hyperplasia and
ity of benzene with , hepatocellular
hexachlooridein or BHC. carcinoma
mice) published
(1973)
Carcinogenicity- 8 groups of 600 ppm of 5/10in gp IX all of group | and 11
mouse 20 ICR- technical HCH developed liver developed
(Contributions to JCL mice (1), HCH (1) tumors and incr. hepatomas
ecological HCH (I11), Liver wgt. 8/10ingp V
chemistry I1. HCH (1V), developed liver
Hepatoma amix of tumors and incr.
development in HCH (V), or Liver wgt.
mice after 300 ppm of
administration of HCH (I1X)
HCH isomersin
high dosage.
Published: (1972).
Carcinogenicity- 4 groups of 0, 6.6, 66, 660 at all doses: liver
mouse dd mice ppm of technical wgt, cellular
(Carcinogenicity of BHC (67%), hyperplasia, nodul ar
Benzene (11%), hyperplasia,
Hexachloride (15%) or all 660 ppm mice
(BHC)) (6%) BHC and developed hepatoma
published: (1972) other isomers <

1% for 24 wks
Carcinogenicity- 4 groups of 0, 100, 300 or No control and many mice in crude
mouse (Induction dd mice 600 ppm with 100 or 300 ppm BHC, or pure
of hepatomain crude BHC, or isomer mice isomer developed
mice with benzene pure or developed hepatoma,
hydrochloride) isomer for hepatomas
published: (1973). 36-38 wks
Chronic feeding- 4 group of 4 0, 25, 50, or 100 NOAEL: 50
Dogs (Lindane beagl es/sex ppm for 104 wks ppm LOAEL:
toxicity study in 100 ppm
beagle dogs) 1970 liver changes,

slight inc liver
wt.
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